Cardiac output (CO)
Improved physical fitness has been shown to enhance cold tolerance in many mammals (ADAMS and HEBERLING, 1958; ANDERSEN, 1966; BAUM et al., 1976; HEBERLING and ADAMS, 1961; STROMME and HAMMEL, 1967) . However, the mechanisms whereby the enhancement of cold tolerance is attained seem to be yet unclear. According to STROMME and HAMMEL (1967) , physical training increases metabolic and thermal responses to cold but to exogenous norepinephrine (NE) in the rat. An enhancement of shivering thermogenesis is emphasized in response to cold in physically trained rats. On the contrary, an increase in plasma FFA uptake and its oxidation and, hence, an enhanced VCO2, after infusion of NE were reported in rats trained by swimming (MORIYA et al., 1980) . HIRATA and NAGASAKA (1981b) have also observed a significant increase in oxygen consumption with NE in rats trained swimming. It was reported that the extent of calorigenic response to exogenous NE is very similar to that of nonshivering thermogenesis (NST) occurring in cold environments (BARTUNKOVA et al., 1971) . The brown adipose tissue (BAT) is considered to be a very potent calorigenic organ for increasing NST in response to NE (CHAFFEE and ROBERTS, 1971; FOSTER and FRYDMAN, 1978b; HULL and SEGALL, 1965; SMITH and HORWITZ, 1969) . FOSTER and FRYDMAN (1978b) reported that the blood flow to BAT markedly increased with NE in cold-acclimated rats and that there was a close correlation between the increases in NE-induced NST and blood flow to BAT. The purpose of this study is to examine whether the similar increase in blood flow to BAT in response to NE as observed in cold-acclimated rats occurs in physically trained rats. 1. Food consumption, skinfold thickness, body and tissue weights Body weight increased after 10 weeks of training in all rats (Fig. 1) . However, the rates of weight gain in SW-32, SW-36, and SW-38 rats were less than those in CT rats in that order (9, 17, and 20 %). SW-32 rats consumed a significantly large amount of food in terms of consumption per unit body weight (an average of 11.9 %, p<0.001) ( Table 1 ) . There was a small but not statistically significant increase in food consumption in SW-36 rats. Skinfold thickness decreased after 10 weeks of training in SW-36 and SW-38 rats (Table 1) . The difference of skinfold thickness between SW-32 and CT rats was not statistically significant. Weight of the BAT significantly increased in SW-32 rats, but decreased in SW-36 and SW-38 rats (Fig. 2) . Weight of the adrenal glands significantly increased in all trained rats. The mass of the hindleg muscles and of the heart increased in all trained rats. Compared to CT rats, the mass of the heart in SW-32, SW-36, and SW-38 rats increased by an average 9.2, 4.2, and 3.5 %, respectively. Number of animals in SW-32, SW-36, SW-38, and CT was 10, 15, 11, and 19 rats, respectively. 2. Effects of NE on V02, (A-V) 02 difference, and 11,01 (Table 2) V02, (A-V) 02 difference, and TCO1 during saline infusion (Rest) were approximately the same for all groups. Thirty-min infusion with NE significantly increased VO2 and TCO1 in all groups (p<0.005). The calorigenic response to NE in SW-32 and SW-36 rats was significantly greater than that in CT rats. There was no apparent increase in (A-V) O2 difference in all groups. 3. Cardiovascular responses to NE (Table 3) The resting values of cardiac output (CO) and stroke volume (SV) were approximately the same for the 4 groups of rats. Compared with CT rats, the resting value of HR was significantly less (p<0 .05) in SW-36 rats. The resting value of HR in SW-32 and SW-38 rats was lower than in CT rats , but the difference was not significant. NE increased CO and HR in all groups . Compared with CT rats, the amount of increase in CO and SV with infusion of NE was significantly greater in SW-32 and SW-36 rats (p<0.05) . The resting levels of mean aortic pressure (BP) and total peripheral resistance (TPR) were considerably lower but approximately the same for all 4 groups . With NE, BP increased in all groups. The amount of increase was significantly greater in all trained rats than in the controls (p<0.05).
METHODS
4. Effects of NE on blood flow to various tissues (Table 4) As shown in Table 4 , under resting conditions the blood flow to various tissues except for the adrenal glands and the liver was found to be similar in both trained and control rats. Blood flow to the adrenal glands (p <0.01) and the liver (p< 0.005) was significantly less in SW-32 rats. With NE, blood flow to most tissues increased in all groups. The amount of increase in blood flow was larger with most tissues measured in trained rats, and there was a significant difference between the trained rats and the controls.
There was no significant difference in the resting level of blood flow to BATs of various sites between the trained rats and the controls (Table 4) . With NE , blood flow to BATs increased in all groups. The interscapular (IS), dorsocervical (DS), axillary (A), and periaortic (PA) BAT responded to NE with 55-, 36-, 38-, and 52-fold increases, respectively, in SW-32 rats. Similarly in SW-36 rats , these sites of BAT responded to NE with 106-, 50-, 45-, and 51-fold increases. In SW-38 rats, these BATs responded to NE with 62-, 45-, 42-, and 15-fold increases .
In contrast, the increase in blood flow to these sites of BAT was less in CT rats. These sites of BAT responded to NE with only 15-, 14-, 25-, and 41-fold increases in CT rats. Except for the periaortic BAT, the increase in blood flow to BAT was significantly greater in all trained rats than in CT rats (p<0.05).
The resting levels of blood flow to various skeletal muscles are shown in Table  4 . Except for the gastrocnemius muscle in SW-36 rats, there was no significant difference between the trained rats and the controls. The resting blood flow to the gastrocnemius muscle was significantly less in SW-36 rats than in the controls (p<0.01). With NE, blood flow decreased slightly or remained unchanged in most of the skeletal muscles in all groups. Only in SW-32 rats was the decrease in blood flow to the gastrocnemius muscle significant (p<0.01). Blood flow to the tibialis anterior (p<0.01) and the extensor digitorum longus muscles (p<0.005) was significantly less in SW-32 rats than in CT rats. (Table 4 ). The increase in myocardial blood flow is a well-known effect of NE, and explains the increased heart rate and stroke volume in the rats. Blood flow to the tail increased greatly with NE in the trained rats. The other regions showing significant increases were the kidneys, the jejunum, and the liver. Blood flow to the diaphragm did not increase with NE. In normally breathing rats, an infusion of NE increases respiratory frequency, which must increase blood flow to the diaphragm. In this study, artificial respiration was employed during measurement. The artificial respiration is therefore likely to be a cause of the low value of blood flow in the diaphragm during NE infusion. Under resting conditions, blood flow to the individual BAT was nearly the same in all rats (Table 4) . With NE, blood flow to BAT increased significantly, but a uniform increase in blood flow was not obtained in the different sites of BAT. The increased blood flow to BAT in response to NE was most prominent in trained rats and least prominent in CT animals. The increases in blood flow to BATS were 42-fold in SW-32 rats, 50-fold in SW-36 rats, 39-fold in SW-38 rats, and 22-fold in CT rats, which were significantly higher than the values reported by FOSTER and FRYDMAN (1978b) . The difference of the dose of NE used in these two experiments may be one of the reasons for this discrepancy. The changes in blood flow to the BAT and in the whole body metabolic response to NE in physically trained rats are very similar to those observed in cold-acclimated rats NAGASAKA, 1981a, FOSTER and FRYDMAN, 1978b; KUROSHIMA et al., 1967) . The increase of BAT blood flow is regulated by the tissue's oxygen requirement (FOSTER and DEPOCAS, 1980) . The increase in blood flow to BAT with NE would suggest the increased oxygen requirement of BAT in physically trained rats.
The resting values of blood flow to the muscles measured was nearly the same in all groups (Table 4) . With NE, blood flow in most muscles measured a decrease or remained unchanged. The result agrees with that reported in our previous paper (HIRATA and NAGASAKA, 1981a) . FLAIM et al. (1979) observed that blood flow in canine gracilis muscle decreased greatly (by 39-69 %) with NE. Although (A-V) O2 difference increased greatly, the oxygen consumption in muscle decreased by 42%. The skeletal muscles, at least in the legs, may not contribute to the enhanced calorigenic response to NE in the physically trained animals. In conclusion, the present study indicates that at least in rats, physical training enhances the calorigenic response supported by an increased cardiac output and blood flow to the dominant calorigenic tissues such as BAT. The skeletal muscles may not play an important role in increasing calorigenesis with NE under anesthesia.
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